Resistance to bacterial blight in arabica coffee cultivars 
INTRODUCTION
Bacterial blight of coffee, caused by Pseudomonas syringae pv. garcae is responsible for losses in coffee crop, mainly in windy and cooler cultivation areas. In coffee at higher altitudes, without wind protection and in cold regions, the severity of this bacteriosis is more intense (Carvalho and Chalfoun 1998) . In the state of Paraná, Brazil, the highest intensity of this disease was observed where the monthly averages of temperature and relative air humidity varied from, respectively, 13.1 ºC to 20.5 ºC and 57 to 73% and precipitation was 111.3 mm .
The disease causes damage mainly to young tissues, where the bacteria induce dark necrotic lesions, with yellow halo, and dieback of vegetative shoots. The dark necrotic lesions with yellow halo are more frequent along the leaf margins, where the infection is facilitated by mechanical damages. On the branches, the disease provokes dieback with necrosis from the tip to the base. The infection in flowers and young fruits promotes necrosis. Young coffee plants are more affected, with defoliation, dieback, excess of shoots and reduced plant development. In nurseries, infected seedlings loose leaves, the tip dies and can result in plant death (Godoy et al. 1997) .
The use of resistant coffee cultivars is the most efficient and ecologically correct control method. The chemical control is, usually, uneconomical in adult plants and in nursery. The S H 1 gene found in the Arabic coffee genotypes Harar, Dilla and Alghe, S12 Kaffa and Geisha, originated from Ethiopia (Moraes et al. 1974) , confers simultaneous resistance to some races of Hemileia vastatrix and to P. s. pv. garcae. Other resistance sources without gene S H 1 were identified (Moraes et al. 1974 , Mohan et al. 1978 , Sera et al. 1980 , DS Ito et al. Ito et al. 2004 , Petek et al. 2006 , indicating the presence of other genes that confer qualitative and quantitative resistances. Few Arabic coffee cultivars with complete resistance to P. s. pv. garcae were identified.
The objective of this research was to evaluate the field resistance to P. s. pv. garcae in 13 Arabic coffee cultivars developed by the Instituto Agronômico do Paraná (IAPAR).
MATERIAL AND METHODS
The experiment was planted in a spacing of 2. The resistance to bacteriosis under field conditions was evaluated in January 2004 (10 months after planting), based on a 1 to 5 scale, where: 1 = absence of the dark necrotic lesions, with yellow halo (bacterial blight); 2 = 1 to 15% diseased leaves; 3 = 16 to 30% leaves with bacterial blight; 4 = 31 to 45% leaves with bacterial blight; 5 = over 45% of leaves with dark necrotic lesions and dieback of some vegetative shoots. Coffee trees with score 1 were considered resistant and trees with scores 2, 3, 4 and 5 susceptible.
Simple linear regression coefficients (b) between the logarithm of the means and the logarithm of the variances were estimated to indicate the best transformations (Barbin 2003) . The 1/x transformation was used for the varying P. s. pv. garcae severity. The statistical program Genes (Cruz 2001) was used for the analysis of variance at the mean plot level. Treatments were compared by the Scott-Knott test at 1% probability.
RESULTS AND DISCUSSION
The experimental variation coefficient was 26.06%, indicating good experimental accuracy for a field experiment.
By the test of means, it was possible to separate the cultivars in three resistance groups (a, b and c), statistically different at 1% probability (Table 1) . The resistance level of eight cultivars was similar to the susceptible control Catuaí Vermelho IAC 81', four cultivars were partially resistance and only IPR 102 was resistant.
The IPR 102 cultivar (derived from Catuaí x Icatu) was the only one classified as "resistance group a". The resistance of IPR 102 was probably originated from germplasm Icatu, while the standard cultivar Catuaí Vermelho IAC-99 was classified as susceptible. Previous studies also showed that aside from the S H 1 gene of coffee genotypes originated from Ethiopia (Moraes et al. 1974) , there are other resistance sources such as Icatu (Mohan et al. 1978 , Sera et al. 1980 , Catucaí (Petek et al. 2006) and Hibrido de Timor (Moraes et al. 1974 , Mohan et al. 1978 , Sera et al. 1980 ). In our study, the resistance of IPR 102 confirmed results of a preliminary evaluation by Ito et al. (2005) in adult plants, where this cultivar was also classified as resistant under field conditions in Itaguajé, Paraná state, Brazil.
The frequency of resistant plants with score 1 observed for IPR 102 was 95.58% (Table 2 ). The frequency of susceptible plants classified as scores 2 and 3 with 4.43% was probably due the natural crosspollination that occurs in Coffea arabica varying from 7 to 9% (Krug and Carvalho 1951) . It is possible that in previous generations IPR 102 trees were cultivated side by side with susceptible plants. The occurrence of heterozygous or susceptible plants in IPR 102 is likely, requiring selection for homozygous resistant plants.
The cultivars IAPAR 59, IPR 103, IPR 104, and IPR 108 were classified in resistance group b, indicating a possible quantitative resistance, because few plants of these cultivars were scored with grades 4 and 5 in comparison with other cultivars of resistance group c (susceptible like Catuaí Vermelho IAC-99) ( Table 2 ). The cultivars IAPAR 59, IPR 104 and IPR 108 are probably partially resistant because they carry genes of Hibrido Moraes et al. (1974) , Mohan et al. (1978) and Sera et al. (1980) . This partial resistance could be the effect of minor genes that would make the penetration and reproduction of P. s. pv. garcae difficult. Leaf thickness 1 Cultivars in increasing sequence based on the mean scores of P. syringae pv. garcae severity 2 Score 1 = absence of disease symptoms, with yellow halo (bacterial blight); 2 = 1 to 15 % diseased leaves; 3 = 16 to 30 % leaves with bacterial blight; 4 = 31 to 45 % leaves with bacterial blight; 5 = over 45 % leaves with dark necrotic lesions and dieback of some vegetative shoots and shape and undulation of the leaf margins or even the plant architecture could be traits that would reduce disease severity. Other studies reported the possibility of the existence of quantitative resistance to P. s. pv. garcae (Petek et al. 2006) . Artificial inoculation must be carried out to test DS Ito et al. the resistance levels and tolerance of the cultivars IPR 102, IPR 103, IPR 104, IAPAR 59, and IPR 108. To date, no Icatu coffee cultivars with complete resistance to P. s. pv. garcae have been identified. IPR 102 is not only resistant to P. s. pv. garcae but also has the canopy size of Catuaí (medium size), a high vegetative vigor, high yield, good beverage quality, is partially resistant to rust (Hemileia vastatrix Berk. et Br.), and fruits mature later than in Catuaí cultivars, in the
